We investigate the financial interactions between countries in the Pacific Basin region (Korea, Singapore, Malaysia, Hong Kong and Taiwan), Japan and US. The originality of the paper is the use of STAR-GARCH models, instead of standard correlationcointegration techniques. For each country in the Pacific Basin region, we find statistically adequate STAR-GARCH models for the series of stock market daily returns, using Nikkei225 and S&P500 as alternative threshold variables. We provide evidence for the leading role of Japan in the period 1988-1990 (pre-Japanese crisis years), whereas our results suggest that the Pacific Basin region countries are more closely linked with the US during the period 1995-1999 (post-Japanese crisis years).
markets which is different from the one implied by cointegration or correlation. The fundamental hypothesis of our study is that the influence of the stock market of a leading country on other financial markets does not need to be linear, as correlation and cointegration are implicitly assuming. As Table 1 points out, using the simple concept of correlation of daily returns to describe integration among different stock markets can be unfruitful.
On the contrary, a STAR model offers a different view of the relationships among financial markets, which is based upon an appropriately defined threshold variable. The threshold, through the transition function, the probability that the dependent variable is in one of two, or more, states of the world. For instance, consider the behaviour of an agent who operates on a daily basis in market A. If the agent selects as the threshold variable between two regimes the past returns from the relavant stock index for market B, this means that he acts according to two views of the world represented by the two states of the STAR model and that he chooses to give a larger weight to one or the other regime depending on the levels of past returns from the investments on market B. The degree of influence of market B on market A crucially depends on the choice of the threshold variable. If two or more threshold variables are significant, we select, according to some prespecified criterion, the variable which leads to the most statistically accurate STAR model.
In order to capture non-linearities with STAR models, sufficiently large samples of data are needed.
For this reason we have considered, for each selected country, daily returns on the corresponding stock price indexes during the sub-samples 1988-1990 (pre-crisis period) and 1995-1999 (post- crisis period).
STAR models
The idea of using non-linear models to study the behaviour of economic variables is very popular in applied econometrics, and several test statistics have been developed to empirically verify the existence of non-linear processes in many financial time series.
According to the so-called regime-switching models, the time series evolution of many economic variables is characterized by the presence of different states of the world (see, among others, Priestley, 1980 Priestley, , 1988 . First and second moments of many time series variables depend upon the regimes and the modalities of transition from a particular state to another. Models where this transition is regulated by an observed variable are termed threshold autoregressive (TAR) or, if the transition from one regime to the other is not abrupt, smooth transition autoregressive (STAR).
Representation of STAR models
TAR and STAR (see Franses, Teräsvirta and van Dijk, 2002 , for a exhaustive survey) are simple autoregressive models whose coefficients depend on a threshold variabile q. The simplest case is given by a TAR with two regimes and an autoregressive part of order one: The major limitation of the TAR model is that the transition between one regime to the other is a sudden jump. This simplistic view has been made more realistic by increasing the number of regimes, or, alternatively, by proposing the STAR model (see Teräsvirta, 1994, among others) .
STAR has in its simplest version the following specification: 
where G(.) is a probability function which takes values between 0 and 1, and can be interpreted as a weight between the two regimes. G(.) indefinitely increases the number of possible combinations between the states of the world, smoothing the transition between one regime and the other. It is obvious that STAR models introduce non-linearities in the conditional mean.
The most widely used specifications for the function G(.) are exponential (E-STAR) and logistic (L-STAR). The G(.) function for the L-STAR model is:
with n=1 in a two-regime model. 
Hypothesis testing in STAR models
The procedure suggested by Teräsvirta (1994) for a correct specification of a STAR model involves first the definition of an appropriate AR( p ) model for the states of the world, then testing for nonlinearity.
As far as the specification of the autoregressive order p is concerned, the approach followed in the STAR context is similar to the one of any standard AR model (i.e. partial autocorrelation function of the series, AIC).
On the contrary, there is no standard procedure to identify the threshold variable. The approaches that are more frequently adopted in the empirical literature range from the simple use of some economic intuition to an ex-post informal test based on AIC or BIC, or the choice of the threshold variable that gives rise to the smallest p-value associated with a particular test for non-linearity.
The general structure of any test of non-linearity is to compare the fit of a STAR model with that of a linear model. That is, given a L-STAR model with two regimes
Under H 0 , unfortunately, parameters γ and c are unidentified nuisance parameters. Eitrheim and Teräsvirta (1996), Luukkonen, Saikkonnen and Teräsvirta (1998) , and Escribano and Jordà (1999) suggest to approximate the G(.) function with a Taylor series. In this way the identification problem is solved and the null hypothesis of linearity can be tested with standard LM-type statistics.
Specifically, equation (3) can be re-expressed as:
Provided that G(.) is given by (2), and it is differentiable, it can be approximated around γ=0, thus obtaining the auxiliary regression: G(.) has to be approximated up to the third degree, yielding the auxiliary regression: 
where F(.) is the STAR model (4).
Given the regularity condition E(ε 2 t )< ∞ (see Ling and McAleer, 1999) , NLS is consistent and asymptotic normal. It is well-known that the choice of appropriate initial conditions play a crucial role in any estimator which uses numerical methods such as Newton-Raphson or Gauss-Newton.
The procedure proposed by Leybourne, Newbold and Vougas (1998) 
In this way the minimand function Q T has a reduced dimension, that is:
which can now be minimized with respect to c and γ.
From the empirical viewpoint, it is worth noticing that many studies (see, for instance, Bates and Watts, 1988) , point out that estimating γ is far from being an easy task. This is mainly due to the fact that a large number of observations in the neighborhood of c is required in order to obtain a reliable estimate of γ.
In general even reasonable estimates of γ come with very high standard errors and t-statistics which apparently do not reject the null hypothesis of linearity. In this context, however, the t-test is not reliable, for its distribution is not standard. In any case, this problem is mitigated by considering that large variations in γ do not have a significant impact on the transition function. The estimation of c is subject to similar problems (see Hansen, 1997) , even if a value of c which is not statistically different from zero does not affect the overall validity of the model.
The asymptotic variance/covariance matrix C of θ can be consistently estimated using the robust The most common test for residual autocorrelation in STAR models is based on the auxiliary regression: Eitrheim and Teräsvirta, 1996) .
Evaluating the forecasting performance of STAR models
A standard STAR model with q t = y t-1 can be represented as
, where F(.) is defined as in (4), with
, where e t+h|t = y t+h -y t+h|t is the forecast error. The 1-step ahead forecast is given by 
GARCH models
ARCH models (Autoregressive Conditional Heteroskedasticity) have been introduced for the first time by Engle (1982) in order to model two phenomena which are typical of many financial time series, namely non-constant conditional variances and volatility clustering.
The simples formulation of a ARCH(r) model is:
where α 0 >0, α i ≥ 0 (i=1,…r); η t indicates a white noise error and h t is the conditional variance of the process. In other terms, if F t is the σ-algebra generated by { } ,... , 1
The first generalization of the ARCH model (GARCH) has been proposed by Bollerslev (1986) :
where α 0 >0, α i1 ≥ 0 and β i ≥ 0 (i=1,…r\s). The main advantage of this model with respect to the ARCH specification is that the additional term h t-i allows us to reduce the number of parameters in the ARCH component.
The second, more natural generalization is to use a STAR model in the conditional mean of the process and a GARCH specification for the conditional variance (STAR-GARCH models). From an estimation viewpoint, it is easy to deal with STAR-GARCH models since, according to Engle (1982) , parameters for the conditional mean and the conditional variance can be estimated separetely, provided that the GARCH specification is symmetric. In this case, given the Hessian for the STAR-GARCH model 
Outliers in STAR and GARCH models

Effects of outliers on STAR models
Van Dijk, Franses and Lucas (1999) show that LM-type tests tend to reject the null of linearity too often in presence of outliers. Possible solutions to this problem are based on robust estimation techniques which involve different weighting functions. Such techniques can be briefly sketched starting from a simple AR(p) model
, and modifying the first-order condition Monte Carlo simulations point out that, in the presence of additive as well as innovation outliers, robust tests have more power, and power increases as sample size increases.
Van Dick (1999) analyzes the effects of outliers on the parameters of a STAR model simulating a two-regime logistic specification:
Estimates of the threshold parameter c do not seem to be particularly affected, provided that the outliers are not numerous enough to justify the existence of a specific regime. This can well happen in presence of many outliers of the same sign. The same is true also for γ. Conversely, parameters i , 1 φ , i=1,2, are generally biased, as it happens with standard AR(p) models. Here the magnitude of the bias depends on the specific regime that prevails at the time of the outliers. If, for instance, all outliers fall in just one regime, the bias affecting 1 φ would be noticeable only for that regime.
Several different solutions are available in the literature to reduce the bias in estimating the autoregressive parameters of a STAR model. In this study we consider a simple symmetric trimming algorithm (STA), which is composed by the following steps: i) calculation of the standard deviation of the series over the whole sample; ii) if a single observation is larger than 4 standard deviations, it is trimmed to 4 standard deviations; iii) if an observation is between 3 and 4 standard deviations, it is trimmed to to 3 standard deviations; iv) if an observation is between 2.5 and 3 standard deviations, it is trimmed to 2.5 standard deviations; v) repetition of steps i)-iv) for each obervations in the sample. This procedure has simplicity as its main advantage, but suffers from at least two drawbacks. First, simple STA tends to reduce variability in the series. Second, if different regimes are located far from the mean of the series, simple STA could select as an outlier (and hence exclude from the sample) an observation which instead should be modelled.
Effects of outliers on GARCH models
Van Dijk, Franses and Lucas (1999) show that the empirical behaviour of the tests for heteroskedasticity in presence of outliers is very similar to the performance of the tests for linearity in STAR models, that is the null hypothesis is rejected too often. Almost all these tests are based on the residuals of robustly estimated conditional means, once the outliers have been removed and an auxiliary regression of the Breusch-Pagan type is taken into account to check for the presence of linear ARCH effects. Verhoeven and McAleer (1999) , and McAleer (2002a, 2002b) , among others, point out that the presence of outliers tends to increase α 1 and to reduce β 1 in the simple GARCH(1,1) model 2 01111 ttt hh ααεβ −− =++. Although several procedures are available in the literature to cope with this problem (e.g. Franses and Ghijsels, 1999) , the algorithm we use in this study to take into account for outliers is a modification of the simple STA described in Section 4.1, which is motivated by the following considerations: i) irrespective of the selected model, simple STA often produces estimation and forecasting results which are worse than those obtained on the original series; ii) alternative methods to simple STA, such as the Generalized M estimator, heavily depend on the choice of the weighting function (see van Dick, 1999) and are not easy to implement; iii) many estimation procedures which correct for the presence of outlier in GARCH models are based on a priori choices (see the selection of c in Franses and Ghijsels, 1999) .
The most important features of our alternative procedure are simplicity (since it is based on the simple STA) and flexibility (the mean of a STAR model is not forced to be constant). Specifically, our modified STA algorithm is formed by the following steps: 1) estimation of a STAR model; 2) residual analysis using a Breusch-Pagan-type test for GARCH effects and estimation of a STAR-GARCH model if appropriate; 3) 1-step ahead forecasts of the conditional mean and variance; 4) application of simple STA, using the 1-step ahead forecast of the mean as the actual mean and the 1-step ahead forecast of the variance as the actual variance; 5) re-estimation of the STAR model on the series corrected for the presence of outliers; 6) overall evaluation of model improvements by comparing the MSE and MAE of the forecasts obtained at steps 3) and 5).
Empirical analysis
Data
The first important decision concerns the starting date of the Japanese financial crisis. On the basis of the temporal behaviour of the Nikkei225 stock price index (see Graph 1), which clearly shows a dramatic fall at the beginning of 1990, we set the end of the first period (i.e. pre-crisis) on the 6 th june 1990.
The second choice is about the starting date of the pre-crisis period, which is intimately linked to the deregulation characterizing the countries under analysis. As already stated, some countries (e.g. We have decided to concentrate our attention on five countries (Korea, Hong Kong, Malaysia, Singapore and Taiwan), since these are the countries which are analyzed by those studies aiming at testing the existence of a strong link between the so-called Pacific Basin region and Japan.
The novelty of our approach is how the potential existence of this link is modelled and tested, that is using STAR and STAR-GARCH models. Moreover, we are also interested in investigating to what extent the financial Japanese crisis has weakened those relationships, and whether US has substituted Japan in its economic leadership in this area. period, in violation of the ceteris paribus condition which is the maintained assumption of our comparative analysis.
Results
Korea has started the process of liberalization in 1988. The Korean stock price index over the first period (Graph 2a) shows a sharp drop in 1990, which is probably due to the Japanese financial crisis. The correlogram of the corresponding series of returns (Graph 2b) suggests an AR model with p=1. The estimation of a STAR(1) model reveals that only the Japanese Nikkei225 stock price index is the appropriate threshold variable. The STAR (1) residuals are not autocorrelated, although they exhibit significant ARCH effects, which lead to the estimation of a STAR(1)-GARCH (1) specification (see Table 3a ). The adjustment parameter γ has a quite high value, which is nevertheless justified in the literature. The first regime is predominant, whereas the second regime has a weight equal to one when the threshold variable takes extreme values (i.e. less than 1%, Graph 7). This is the reason why the weighting function takes the value one more frequently at the end of the sample, that is close to the Japanese crisis. Even in the absence of significant outliers, an application of the simple STA produces a strong bias in the series, since the distinction between the two states of the world disappears. In fact, STA eliminates from the sample all the extreme observations which are responsible for the identification of the second regime. Instead, the application of our modified STA does not alter substantially the estimation results. If we take into consideration the second period (Graphs 2c-2d), it is evident that the Japanese crisis affects both the levels of the index and the volatility of returns. The STAR(1)-GARCH(1) specification which uses the US S&P500 as the threshold variable is preferable on the basis of both the non-linearity test (Table 2b ) and in-sample AIC. The presence of strong kurtosis in the residuals is an indicator of outliers. Both procedures, simple STA and modified STA, produce results which are very close to the starting model in terms of MSE and MAE. Table 3b reports the estimated coefficients of the STAR(1)-GARCH(1) model obtained after the application of the simple STA, since this specification is superior in terms of more accurate forecasts and reduced standard errors. With respect to the first sample, the value of γ is larger, whereas the standard error for the threshold parameter c is smaller. The transition function indicates the absence of polarization towards a particular state of the world. In summary, in the first period only Nikkei225 can be used as a threshold variable, whereas in the post-crisis period the most statistically adequate threshold is US S&P500. One possible interpretation is that, prior to 1988, the Korean financial market is heavily dependent on Japan, while, after 1995, progresses in world integration have strenghtened the relationships with both Japan and US, attributing the stock market leadership to the latter.
Hong Kong's stock exchange is the most developed within the Pacific Basin region, since it dates back to 1973. A quick inspection to the Hong Kong stock price index during the first period (Graph 3a) reveals the presence of a strong increasing trend, with two marked corrections on july 1989 and july 1990. Obviously, daily returns are characterized by large outliers around the 300 th observations (Graph 3b). The correlogram of returns is compatible with an AR(1) model, whereas the tests for non-linearity suggest that both Nikkei225 and S&P500 are statistically adequate threshold variables, with a slight preference for the former (Table 2a ). Once estimated, the two STAR(1) behave very differently. In particular, the model with S&P500 as the threshold variable is characterized by very high standard errors even after the use of both simple and modified STA. In the light of these results, the selected model is STAR(1)-GARCH (1) the index records a sharp drop, due to the incoming Japanese financial crisis. The corresponding series of returns shows some important outliers at the beginning and at the end of the sample, while, contrary to the previous cases, the correlogram points out the presence of second-order autocorrelation (Graph 4b). Thus, we have implemented the tests for non-linearity on the STAR (2) specification. In this case, both threshold variables are statistically adequate, but Nikkei225 seems to be preferable on standard goodness of fit considerations (Table 2a) . Since the residuals are characterized by ARCH effects and outliers, we have re-estimated the model using the simple STA (Table 3a , Graph 9). The second period (Graph 4c) is characterized by a severe financial crisis in 1998, which affects the series of returns in terms of the number of outliers, excess kurtosis and increased volatility (Graph 4d). The correlogram of this series is compatible with third-order autocorrelation. Using the simple STA, the best model in terms of estimated standard errors and AIC is STAR(1)-GARCH(1,1) with S&P500 as the threshold (Table 3b) . Although Malaysia has experienced the strongest economic links with Japan, over the analyzed period our empirical approach seems to suggest a progressive substitution between Japan and US as the most influential country on the Malaysian stock market.
The liberalization of Singapore dates back to 1978, which makes this country the second best developed financial market in the region, after Hong Kong. If we concentrate on the first period (Graphs 5a-5b), the Singapore stock price index shows a steady upward trend until the end of 1990, while the corresponding returns are highly volatile and affected by outliers at the beginning of the sample and around the 400 th observation. Both threshold variables are statistically adequate, although the lowest p-value of the test for non-linearity is recorded when Nikkei225 is the threshold. In fact, if the STAR(1)-GARCH(1,1) model with Nikkei225 is satisfactory (Table 3a, Graph 10a), the estimation of the corresponding specification after replacing the Japanese stock price index with S&P500 has been problematic, due to difficulties of convergence of the underlying numerical estimation algorithm. The use of the simple STA has contributed to solve this problem only partially. The second period (Graphs 5c-5d) shows the gradual decline of the Singapore stock market. The non-linearity test indicates Nikkei225 as the most appropriate threshold variable (Table   2b ). Both thresholds produce STAR(1) model residuals which pass standard diagnostics, whereas the specification with S&P500 has lower residual sum of squares and AIC, but higher parameter standard errors. Due to the massive presence of outliers in the post-crisis period, we have reestimated both models after applying the simple as well as the modified STA. The model with Nikkei225 increases its forecasting performance in both cases, while the model with S&P500 shows some improvement only after using the modified STA (Table 4) . In any case, AIC is favourable to the latter. In the transition function computed on the selected model the second regime is overrepresented, whereas the first regime indicates a limiting situation, since the threshold value is around -2% (Graph 10b). The results are in line with the original motivation of this study, that is the presence of a switch, from the first to the second period, between Japan and US in the role of financial leader within the Pacific Basin region.
As Korea and Malaysia, also Taiwan has started to liberalize its financial market since 1988 only.
During the first period of analysis (Graph 6a) the stock price index has recorded a strong upward trend up to mid 1990, followed by a steep drop caused by the Japanese financial crisis. With respect to the series of returns, the Taiwan index is almost free from the presence of outliers (Graph 6b).
The absence of significant threshold variables in the tests for non-linearity prevents us from estimating any appropriate STAR model (Table 2a ). This picture is confirmed in the second period (Graphs 6c-6d); here the threshold variable Nikkei225 appears to be significant in a STAR (1) specification, which is by no means different from a simple AR(1) model according to the values of the estimated coefficients, residual sum of squares and AIC (Table 3b ). Undoubtly, among the countries we have analyzed in this study, Taiwan is the biggest exception. If it is not difficult to relate the results obtained on the pre-crisis period to the immaturity of its stock market, the empirical findings of the second sub-sample suggest that Taiwan has built up very strong links with the Japanese financial system and that these relationships, which were unsignificant during the late 80s, have been reinforced by the Japanese crisis.
Conclusion
The aim of this work is to analyse the financial markets of Korea, Hong Kong, Malaysia, Singapore and Taiwan in order to empirically verify the effects of the Japanese financial crisis of 1990-1991 on the relationships between the Pacific Basin region, on the one hand, and Japan and US, on the other. The econometric investigation has been conducted with statistically adequate STAR and STAR-GARCH models, where Nikkei225 and S&P500 have played the role of threshold variables.
The underlying idea is that the Japanese crisis has affected the financial leadership of this country in Eastern Asia in favour of US. The statistical significance of the variable S&P500 in appropriate STAR-GARCH specifications, together with the irrelevance of Nikkei225, is then interpreted as empirical evidence of a strong and progressive process of global integration which looses even the strongest links among the countries of a specific geographical area. At the same time, the switch between Japan and US in the financial leadership over the Pacific Basin region can be read as an indication of openess of the Asian countries towards a unique, global financial market.
The leadership of Japan within the Pacific Basin region is undisputable, at least until the early 90s.
Both economic data and our empirical results on the first sub-sample agree to indicate Japan as the main financial market in the area. It is noticeable that Japan is the most important reference not only to the well-developed financial systems, such as Singapore, but also to the newly-liberalized stock markets, such as Korea. Among the five countries under scrutiny, only Taiwan is atypical, since in this case we were unable to find any statistically adequate STAR model. This result can be justified by noting that Taiwan financial market was born in 1988 only, the starting year of our empirical investigation. Possibly, economic and financial dynamics internal to Taiwan have produced greater impacts than any exogenously driven process of integration.
In the first period, it is interesting to point out that S&P500 is statistically adequate as threshold variable in only two cases, namely Singapore and Malaysia. It is relatively easy to justify the influence of the S&P500 index on Singapore stock market, which has been open to the international context since 1978, On the contrary, one possible explanation for the behaviour of the Malaysian stock market is that it has been oriented to integration since the beginning of its liberalization.
In the second period, the significance of S&P500 is evident in all models.
All the analyzed time series are characterized by volatility, excess kurtosis and outliers.
Nevertheless, the STAR-GARCH models we have finally selected are statistically robust, and the trimming algorithms we have adopted have proved to be effective. When the comparison has been possible, the modified STA has shown its superiority relative to the simple STA, since the latter suffers from the tendency to bias the series with ample fluctuations in their conditional means.
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